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FILTER MEDIA CONSTRUCTION USING
PTFE FILM AND CARBON WEB FOR HEPA
EFFICIENCY AND ODOR CONTROL

This application is being filed as a PCT International Patent
application on Jul. 22, 2010, in the name of Donaldson Com-
pany, Inc., a U.S. national corporation, applicant for the des-
ignation of all countries except the U.S., and Kirit Patel, a
U.S. Citizen, applicant for the designation of the U.S. only,
and claims priority to U.S. Provisional Patent Application
Serial Number 61/227,784, filed Jul. 22, 2009, the contents of
which is herein incorporated by reference.

TECHNICAL FIELD

The present invention relates generally to a layered filter
media.

BACKGROUND OF THE INVENTION

Allergy sufferers and those with respiratory conditions are
often sensitive to particulate materials in the air. Vacuum
cleaners and air cleaner filtration devices seek to remove
particulate materials in homes and places of business, requir-
ing filters to trap these particles. Without such filters, vacuum
cleaners would simply re-circulate the particulate matter back
into the air. Industrial dust collection equipment is required to
remove greater proportions of smaller and smaller particles
from process air streams due to increasingly stringent regu-
latory requirements. Gas turbine intake filtration systems also
must remove quantities of very small particles as the presence
of such particles can cause irreparable damage to turbine
blades. The cleanliness of an environment, the health of its
occupants, the effectiveness of industrial processes, the main-
tenance of industrial equipment, and the overall aesthetics of
living require that submicron particulate materials be readily
removed by filter from an air stream.

In order to achieve submicron particulate removal from air
streams passing through such systems, inertial separators
tend to simply place a physical barrier in the path of particu-
late material that is then knocked from the air stream into a
collection bin. Paper bag dust collectors are simply filters
based on paper filter technologies in a bag form. Such paper
bags typically simply fit across the air stream for the purpose
of separating particulate from the air stream.

Newer filters have been designed with a collection filter or
a flat panel or cylindrical cartridges. In these applications, a
HEPA filtering material is used. By definition, HEPA filters
remove at least 99.97% of airborne particles 0.3 pm in diam-
eter or larger. Because of their general reliability and high
level of performance, HEPA filters are often used to minimize
the release of radioactive materials, asbestos, lead, beryllium,
and other toxic particulates. In vacuum cleaners, HEPA filters
are used for air pollution control. Often HEPA structures
include an expanded PTFE (ePTFE), layer with a layer of a
melt blown fiber combined in a filter construction, or a cel-
Iulose filter paper layer with a layer of melt blown fiber
combined in a filter construction. These structures are often
cleaned by rapping the filter or by blowing filter cake or
particulate from the filter using compressed air streams.

The filtration efficiency and cleanability of newer filters is
important. These filters must be able to remove dust and dirt
but must be easily cleanable without damage to the filter.
Often cleaning dirty filters by rapping the filter on a solid
object to dislodge dust and dirt can cause the filter media to
fail or can cause multilayered elements to delaminate, thus
causing the filter to fail through the formation of a pathway
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for the dust and dirt through the filter structure. Another
failure mode occurs when fine dust particles are trapped into
the depth of the filter media, such that the dust cannot be
dislodged by typical filter cleaning mechanisms, resulting in
reduced vacuum power and shorter filter life.

One example of a dust filter vacuum technology using a
fine fiber layer in a vacuum bag is Emig et al., U.S. Pat. No.
6,395,046. One example of a filter cartridge in a wet/dry
vacuum using expanded PTFE is Scanlon et al., U.S. Pat. No.
5,783,086. Filter materials, such as scrimmed HEPA media,
often have high efficiency but often have short lifetimes and
can be degraded through water exposure.

There remains a need for a filter media construction suit-
able for removing odor while maintaining a lower pressure
drop and higher efficiency. Additionally, there exists a need
for a filter media construction that provides HEPA efficiency,
odor control, and anti-microbial treatment with a single
medium to control mold growth in cartridge media.

SUMMARY OF THE INVENTION

The present invention relates generally to multi-layered
HEPA filter media for improved odor control and filtering.
The present invention provides a multi-layered anti-microbial
ePTFE HEPA filter media for improved odor control. The
media is specifically designed for vacuum cleaner air filtra-
tion cartridge application, but it can also be used for a variety
of other filtration systems. Such systems include but are not
limited to air cleaner filtration, central air filtration for home
and industrial buildings (HVAC), clean rooms, and micro-
electronic devices.

The filter media construction typically comprises at least
three layers: an upstream media layer, a bi-component poly-
ethylene/polyethylene terephthalate (PE/PET) layer, and a
base layer. In one embodiment, PTFE is used for the upstream
media layer. In another embodiment, the PFTE used for the
upstream media layer is expanded PTFE (ePTFE). The
ePTFE film layer provides several important benefits to the
filtration media, including HEPA efficiency and tap cleanabil-
ity with minimal pressure drop at HEPA efficiency. In an
embodiment, the bi-component layer comprises non-woven
polyethylene/polyethylene terephthalate (PE/PET). In cer-
tain embodiments the base layer comprises activated carbon.

This summary is an overview of some of the teachings of
the present application and is not intended to be an exclusive
or exhaustive treatment of the present subject matter. Further
details are found in the detailed description and appended
claims. Other aspects will be apparent to persons skilled in the
art upon reading and understanding the following detailed
description and viewing the drawings that form a part thereof,
each of which is not to be taken in a limiting sense. The scope
of'the present invention is defined by the appended claims and
their legal equivalents.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention may be more completely understood in con-
nection with the following drawings, in which:

FIG. 1 is a schematic front perspective view of the filter
construction in accordance with the present invention.

FIG. 2 is a cross sectional view of a multi-layered filter
media in accordance with an embodiment of the invention.

FIG. 3 is a scanning electron microscope micrograph of the
filter media shown in FIG. 2.

FIG. 4 is a cross sectional view of a multi-layered filter
media in accordance with an embodiment of the invention.
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FIG. 5 is a cross sectional view of a multi-layered filter
media in accordance with an embodiment of the invention.

FIG. 6 is a cross sectional view of a multi-layered filter
media in accordance with an embodiment of the invention.

FIG. 7 is a cross sectional view of a multi-layered filter
media in accordance with an embodiment of the invention.

FIG. 8A shows test results from conducting off-gassing
tests where media made in accordance with the invention was
challenged with ammonia

FIG. 8B shows test results from conducting off-gassing
tests where media made in accordance with the invention was
challenged with H,S.

FIG. 9 shows the fractional efficiency for two different
samples of the media used in an embodiment of the invention.

While the invention is susceptible to various modifications
and alternative forms, specifics thereof have been shown by
way of example and drawings, and will be described in detail.
It should be understood, however, that the invention is not
limited to the particular embodiments described. On the con-
trary, the intention is to cover modifications, equivalents, and
alternatives falling within the spirit and scope of the inven-
tion.

DETAILED DESCRIPTION OF THE INVENTION

The market for general-purpose vacuum cleaners and for
wet/dry vacuum systems has imposed increasingly high stan-
dards of performance for the vacuum cleaners and their filters
over recent years. The devices are required to remove greater
and greater proportions of smaller and smaller particles from
streams obtained by the vacuum cleaner from often-harsh wet
or dry environments in the home, garage, basement, shop,
yard, and a variety of industrial environments. The increased
requirements satisty needs for improved health, reduced
allergies, improved cleanability, reduced ambient particle
counts, and other requirements for home, shop, and industrial
environments.

The prior art filter media has had adequate performance in
assigned roles in filtration equipment and processes. How-
ever, these media all suffer from various problems. At present,
filter technology provides odor control, but improved odor
control is desired. Damp filters often facilitate unwanted
mold and mildew growth on the filters. The mold in turn
produces mold spores, which can add pollution to the air.
Additionally, it is typical that filters that can achieve a desired
efficiency for residential or other non-industrial applications
often result in a pressure drop across the filter media that is too
high for the applications.

The present invention provides a multi-layered anti-micro-
bial ePTFE HEPA filter media for improved odor control. The
media is specifically designed for vacuum cleaner air filtra-
tion cartridge application, but it can also be used for a variety
of other filtration systems. Such systems include but are not
limited to air cleaner filtration, central air filtration for home
and industrial buildings (HVAC), cleanrooms, and microelec-
tronic devices.

Filter Construction

Referring to FIG. 1, the filter media construction 10 of an
example embodiment comprises at least three layers: an
upstream media layer 20, a bi-component (PE/PET) layer 30,
and a base layer 40. In use, air flow starts from the upstream
media layer 20, passes through the bi-component layer 30,
and exits through the base layer 40.

In one embodiment, PTFE is used for the upstream media
layer 20. In a typical embodiment, the PFTE used for the
upstream media layer 20 is expanded PTFE (ePTFE). The
ePTFE film layer provides several important benefits to the
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filtration media, including optional HEPA efficiency and tap
cleanability with minimal pressure drop at HEPA efficiency.
HEPA efficiency is defined as a minimum 99.97% at 0.3
micron particles (U.S. standard).

In one embodiment, the base layer 40 comprises an acti-
vated carbon layer, and the upstream media layer 20 is
ePTFE. In another embodiment, the activated carbon layer
comprises a minimum of 45% activated carbon. The ePTFE
filtration layer is bonded using a low melt bi-component layer
30 with carbon based media under heat and pressure.

FIG. 2 shows one embodiment of the present invention
where the upstream media layer 20 comprises ePTFE film,
the bi-component layer 30 is non-woven PE/PET, and the
base layer 40 comprises activated carbon. The bi-component
layer 30 may be treated with an anti-microbial substance. As
shown in FIG. 2, the bi-component layer 30 may also be
alternatively formed using a low melt adhesive web. Addi-
tionally, the base layer activated carbon may be treated with
an anti-microbial substance. FIG. 3 shows a scanning electron
microscope micrograph of the filter media shown in FIG. 2.

In one embodiment, the base layer 40 comprises activated
carbon and nanofiber, and the upstream media layer 20 is
PTFE, as shown in FIG. 4.

In one embodiment, the base layer 40 is melt-blown media
with carbon particles, and the upstream media layer 20 is
PTFE, as shown in FIG. 5.

In one embodiment, the base layer 40 is particle laden
melt-blown nanofiber with carbon particles, and the upstream
media layer 20 is PTFE, as shown in FIG. 6.

In one embodiment, the base layer 40 is particle laden
melt-blown material further containing carbon particles, and
the upstream media layer 20 is nanofiber created by Donald-
son Company, Inc. of Bloomington, Minn. This embodiment
is shown in FIG. 7. In one embodiment, the nanofiber may be
coated on one side. In another embodiment, the nanofiber
may be coated on two sides. In the various embodiments
nanofiber media may be co-pleated with other media, such as
carbon loaded melt blown media.

Exemplary Materials

The present invention may be constructed with a variety of
materials. HEPA filtering material is preferred as, by defini-
tion, HEPA filters remove at least 99.97% of airborne par-
ticles 0.3 pm in diameter. However, due to the construction of
the filter, the starting materials used to construct the filters of
the present invention need not be HEPA efficiency in order for
the entire filter media construction to be HEPA efficiency. In
one embodiment, polytetrafluoroethylene (PTFE) is used for
the upstream media layer. Expanded PTFE (ePTFE) may also
be utilized in the present invention. Typically, ePTFE media
have very high pressure drops and moderate HEPA efficiency.

Alternatively, as shown in FIG. 7, the upstream media layer
20 may comprise nanofiber, such as that created by Donald-
son Company, Inc. of Bloomington, Minn. These nanofibers
provide a low cost option with mid-range filtration efficiency.
Examples of these nanofibers include some coated on one
side and others coated on two sides, co-pleated or bonded
with melt-blown carbon media. The melt-blown carbon
media is available from a variety of commercial sources, such
as Hollingsworth and Vose of East Walpole, Mass.

In one embodiment, the bi-component layer 30 may com-
prise polyethylene/polyethylene terephthalate (PE/PET). In
another embodiment, the bi-component layer 30 may com-
prise a low melt adhesive web.

In one embodiment, the base layer 40 comprises activated
carbon. In a preferred embodiment, the base layer 40 com-
prises a minimum of 45% activated carbon. The base layer
may be produced with or without anti-microbial treatment.



US 9,108,130 B2

5

Alternatively, the base layer 40 comprises nanofiber with
activated carbon. In this application, the nanofibers serve a
multifunctional purpose: in addition to helping to capture
airborne contaminants that escape ePTFE film, the nanofibers
cause the overall pressure drop to be lower than if PTFE film
alone is used. Consequently, use of these materials does not
necessitate that the starting PTFE film be HEPA efficiency.

In another embodiment, the base media 40 comprises melt-
blown media with carbon particles. The melt-blown media
with carbon particles serves dual purposes: not only does it
aid control odor, it also helps to capture airborne contami-
nants that escape the ePTFE film layer. Furthermore, the
overall pressure drop is lower than if PTFE film alone is used,
so the starting PTFE film need not be HEPA efficiency.

In yet another embodiment, the base media 40 comprises
carbon particle laden melt-blown media with nanofibers.
Such a material is suitable for removing odor with lower
pressure drop and higher efficiency. The starting PTFE film of
this embodiment need not be HEPA efficiency.

One exemplary material that may be used for the base
media 40 is a 2-in-1 carbon substrate developed by Lydall,
Inc. of Manchester, Conn. An example of such a material is
C-680 ActiPure® media developed by Lydall, Inc. of
Manchester, Conn. The ActiPure® media comprises a non-
woven material and activated carbon.

Interbasic Resources Inc. (IBR) performed efficiency and
off-gassing tests on media, which is shown in FIGS. 8A and
8B. These tests were developed by IBR for vacuum odor
control. For the off-gassing tests, the media was challenged
with ammonia and H,S.

FIG. 8A shows the test results from conducting oftf-gassing
tests where the media was challenged with ammonia in order
to determine offgassing from a loaded vacuum cleaner filter
under static conditions. The contaminant used in the off-
gassing test was 50 grams of IEC 60312 household test dust
saturated with ammonia at 200 ppm(v). The tests were con-
ducted at 70 degrees Fahrenheit with a relative humidity of
48% and barometric pressure of 736 mmHg. The media
samples tested were 12"x12" flat sheet media formed into a
pocket and filled with 50 grams of dust.

FIG. 8B shows the test results from conducting off-gassing
tests where the media was challenged with ammonia in order
to determine offgassing from a loaded vacuum cleaner filter
under static conditions. In these tests, the contaminant used in
the off-gassing test was 50 grams of IEC 60312 household
test dust saturated with H,S at 200 ppm(v). The tests were
conducted at 71 degrees Fahrenheit with a relative humidity
of 47% and barometric pressure of 739 mmHg. The media
samples tested were 12"x12" flat sheet media formed into a
pocket and filled with 50 grams of dust.

Another exemplary material for use in the base media 40
shown in FI1G. 9 shows the fractional efficiency of the material
for two different samples of the media.

Additionally, the filter media 10 may be treated in any
number of ways to improve its efficiency in removing minute
particulates and for other purposes. For example, electrostati-
cally treated media can be used, as can cellulose media having
one or more layers of fine fiber, or other types of media known
to those skilled in the art. The filter media 10 may also be
treated with anti-microbial substances to prevent the growth
of mold on the filters. Anti-viral or anti-mycotic agents may
also be used to treat the filter media 10 to reduce the popula-
tions of infectious agents.

It should be noted that, as used in this specification and the
appended claims, the singular forms “a,” “an,” and “the”
include plural referents unless the content clearly dictates
otherwise. It should also be noted that the term “or” is gen-
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erally employed in its sense including “and/or” unless the
content clearly dictates otherwise.

Itshould also be noted that, as used in this specification and
the appended claims, the phrase “configured” describes a
system, apparatus, or other structure that is constructed or
configured to perform a particular task or adopt a particular
configuration. The phrase “configured” can be used inter-
changeably with other similar phrases such as “arranged”,
“arranged and configured”, “constructed and arranged”,
“constructed”, “manufactured and arranged”, and the like.

All publications and patent applications in this specifica-
tion are indicative of the level of ordinary skill in the art to
which this invention pertains. All publications and patent
applications are herein incorporated by reference to the same
extent as if each individual publication or patent application
was specifically and individually indicated by reference.

This application is intended to cover adaptations or varia-
tions of the present subject matter. It is to be understood that
the above description is intended to be illustrative, and not
restrictive. The scope of the present subject matter should be
determined with reference to the appended claims, along with
the full scope of equivalents to which such claims are entitled.

What is claimed is:

1. A multi-layer filter media construction comprising:

a non-HEPA upstream media layer,

a bi-component layer, and

a bi-component layer, and

a base media layer comprising activated carbon, wherein

the upstream media layer is bonded to the base media
layer by the bi-component layer, and wherein the multi-
layer filter media construction is HEPA.

2. The filter media construction of claim 1, the upstream
media layer comprising PTFE.

3. The filter media construction of claim 2, wherein the
PTFE is expanded PTFE.

4. The filter media construction of claim 1, the bi-compo-
nent layer comprising non-woven polyethylene/polyethylene
terephthalate.

5. The filter media construction of claim 1 wherein the base
layer comprises a minimum of 45% activated carbon.

6. The filter media construction of claim 1, the base layer
further comprising nanofiber.

7. The filter media construction of claim 1, the base layer
comprising carbon loaded melt-blown media.

8. The filter media construction of claim 1, the base layer
further comprising nanofiber.

9. A method for making a HEPA three-layer filter media
construction comprising:

bonding a non-HEPA upstream media layer to a base layer

using a bi-component layer under heat and pressure,
wherein the base layer comprises activated carbon.

10. The method of claim 9, the upstream media layer com-
prising expanded PTFE.

11. The method construction of claim 9, the bi-component
layer comprising non-woven polyethylene/polyethylene
terephthalate.

12. The method of claim 9, wherein the base layer com-
prises a minimum of 45% activated carbon.

13. The method of claim 9, wherein the base layer further
comprises nanofiber.

14. The method of claim 9, the base layer comprising
carbon loaded melt-blown media.

15. The method of claim 14, the base layer further com-
prising nanofiber.

16. A multi-layer filter media construction comprising:

an upstream media layer, that does not meet HEPA stan-

dards,
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a bi-component layer, and

a base layer comprising carbon loaded nanofiber, wherein
the upstream media layer is bonded to the base media
layer by the bi-component layer, and wherein the multi-
layer filter media construction meets HEPA standards. 5

17. The filter media construction of claim 16 wherein the
upstream layer comprises PTFE.

18. The filter media construction of claim 16 wherein the
base layer comprises a minimum of 45% activated carbon.

19. The filter media construction of claim 16 wherein the 10
bi-component layer comprises non-woven polyethylene/
polyethylene terephthalate.

20. The filter media construction of claim 16, wherein the
filter media construction further comprises an anti-microbial
treatment. 15



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. 29,108,130 B2 Page 1of1
APPLICATION NO. : 13/386252

DATED - August 18, 2015

INVENTOR(S) : Kirit Patel

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the claims

Column 6, Line 27: “a bi-component layer, and” should be omitted.

Signed and Sealed this
Fifth Day of July, 2016

Dhecbatle K Zea

Michelle K. Lee
Director of the United States Patent and Trademark Office



